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ABSTRACT

Preptin is derived from the cleavage of the E-peptide of pro-insulin-like growth factor (IGF)-Il and is an insulin secretagogue.
Observational studies have linked elevated circulating preptin to metabolic dysfunction in humans; however, a causal role for preptin
in metabolic dysfunction has not been established. Additionally, preptin can promote osteoblast proliferation and differentiation,
suggesting a link with skeletal health. We previously described a global preptin knockout (KO) model. In this study, we sought to
uncover the impact of preptin KO in mice on the response to a moderately high-fat diet (HFD) and low-fat diet (LFD). HFD groups
had higher weight and fat mass gain, lower trabecular and cortical bone volume and fracture load, and higher liver triglycerides.
In males, preptin deficiency led to lower blood glucose than wild-type (WT) mice under LFD conditions. This was accompanied by
differences in bone microarchitecture, including lower trabecular bone volume fraction, trabecular number, and lower cortical thick-
ness. These differences were absent in female mice, although KO females had a HFD-driven increase in fat mass and liver triglycerides
that was absent in WT mice. Female WT mice had increased glucose-stimulated insulin secretion under HFD conditions that was
absent in female KO mice. Overall, preptin may have a detrimental impact on metabolism and a positive impact on bone health in
male mice and may protect against liver fat storage in females while enabling islet compensation under HFD conditions. When we
consider that serum preptin levels are elevated in humans of both sexes in pathological states in which insulin levels are elevated,
the impact of preptin on comorbidity risk needs to be better understood. © 2023 The Authors. JBMR Plus published by Wiley Period-
icals LLC on behalf of American Society for Bone and Mineral Research.
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Introduction

ype 2 diabetes mellitus (T2DM) is characterized by chroni-

cally elevated circulating glucose concentrations and
develops when insulin secretion is insufficient to overcome insu-
lin resistance in peripheral tissues."’ The ability of the pancreatic
B-cell to respond to circulating blood glucose concentrations by
secreting an appropriate amount of insulin is critical for main-
taining whole-body metabolic homeostasis.*® The canonical
glucose-stimulated insulin secretion (GSIS) pathway is well
understood; however, many other secretagogues can modulate
insulin secretion."® Insulin granules contain numerous other
hormones and proteins secreted alongside insulin including
insulin-like growth factor (IGF)-Il-derived peptide hormones.”
One such hormone is preptin, a 34-amino-acid peptide derived

from the cleavage of the E-peptide of pro-IGF-1L"? Synthetic pre-
ptin increases GSIS in rodents in vivo and ex vivo,"'%'" suggest-
ing that endogenous preptin has an autocrine role in p-cell
function. In humans, preptin levels appear to increase with
increased circulating insulin or impaired glucose tolerance, such
as in obesity, type 1 and T2DM, gestational diabetes mellitus, and
polycystic ovarian syndrome.">2? Aside from the associations
identified in these observational studies, little is understood
about the effects of endogenous preptin on whole-body glucose
metabolism. Nevertheless, due to its ability to increase insulin
secretion,""" preptin has been proposed as a potential thera-
peutic for T2DM.???)

Individuals with metabolic dysfunction, such as that seen in
T2DM, have an increased risk of experiencing a fracture com-
pared to nondiabetic subjects.**?*# This increase is independent
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of fracture risk factors, including age, weight and height, and fre-
quency of falls.®>?% |n contrast to nondiabetic individuals, there
is no relationship between bone mineral density (BMD) and frac-
ture incidence in individuals with T2DM.” Therefore, although
individuals with T2DM have increased BMD, the microstructure
of bones is likely negatively affected by the disease.*® Hor-
mones that regulate whole-body glucose homeostasis also influ-
ence bone homeostasis. Insulin promotes bone formation while
inhibiting bone resorption via direct effects on osteoblasts and
osteoclasts.” Interestingly, mouse studies indicate that hyper-
insulinemia and insulin resistance in the absence of hyperglyce-
mia, as is often seen in the early stages of T2DM,*? are
associated with reduced bone turnover; this may ultimately lead
to poorer bone quality and increased fragility.(zg) Moreover, pre-
ptin directly affects bone cells, promoting the proliferation and
differentiation of osteoblasts in vitro and driving local bone for-
mation in vivo.®'~¥ The role of endogenous preptin on bone
mass and strength is unclear, particularly in metabolic
dysfunction.

To address the dearth of information on the physiological
function of endogenous preptin, we recently generated and
characterized a novel mouse model with global genetic
ablation of the preptin coding portion of the Igf2 gene
C57BL/6J-gf2tnEx3,4, hereafter referred to as preptin knockout
(KO).®* Under basal conditions, bodyweight, body composition,
B-cell area, and fasted glucose concentrations were similar in
preptin KO mice compared to wild-type (WT) male and female
mice up to 47 weeks of age. However, female KO mice had a
diminished ability to mount an insulin response following glu-
cose stimulation in vivo, which was not observed in male KO
mice. This study demonstrated that while preptin is not critical
for GSIS, endogenous preptin positively influences p-cell func-
tion in female mice.

In this study, we fed preptin KO and WT littermate mice a high-
fat diet (HFD) for 14 weeks. In parallel, we compared KO and WT
mice fed a low-fat diet (LFD). HFD is a well-characterized model
of metabolic dysfunction in mice, inducing obesity, hyperinsuli-
nemia, and impaired glucose tolerance.®**® Here we utilized a
modest 46% fat diet to induce metabolic dysfunction without
inducing full-blown diabetes. The goals of this study were to
determine whether preptin KO mice showed a different
response than WT littermates to HFD with respect to body com-
position, glucose homeostasis, and bone microarchitecture and
biomechanics. We hypothesized that KO mice would demon-
strate more advanced metabolic dysfunction and decreased
bone strength compared to WT mice.

Methods

Experimental animals

The Animal Ethics Committee at the University of Auckland
approved all procedures (approval number 001984). Animals
were bred and housed in the Vernon Jansen Unit under standard
conditions (22°C, humidity at 40-45%, 12 h light: 12 h dark).
Global preptin KO mice in a C57BL/6J background were gener-
ated as described previously.®* In this mouse, exons 3 and 4 of
Igf2 were truncated to remove the preptin sequence and inter-
vening intron. All experimental mice were generated using het-
erozygous breeding pairs with maternal inheritance of the
preptin KO allele. Mouse genotypes were confirmed by PCR, as
described previously.®? Littermate pairs were used to decrease
litter-specific effects.

Study design

Female and male mice were recruited at 9 4+ 0.5 weeks of age
and studied over 14 weeks (Fig. 1). Before recruitment for the
study, mice were fed a standard chow diet (Envigo 2018; Teklad
global 18% protein rodent diet). Littermate pairs were assigned
to either a LFD containing 14.0% kcal from fat (SF16-074; Spe-
cialty Feeds, Australia) or a HFD containing 46.0% kcal from fat
(SF04-027; Specialty Feeds). See Table S1 for full dietary
composition.

Glucose homeostasis

Nonfasting blood glucose concentrations from whole-blood
samples collected in the morning from the tail tip were mea-
sured weekly using an Accu-Chek Performa portable blood
glucose meter (Roche, Basel, Switzerland). Nonfasted blood glu-
cose concentrations between 0 and 2 weeks and 10-12 weeks
after dietary intervention were averaged for each mouse and
included in data analyses. We chose 12 weeks as a cut-off for this
measure to avoid confounding these data with any potential
metabolic stress experienced during the metabolic challenges
performed in weeks 12-14.°” Following 12 weeks of dietary
intervention, mice underwent an intraperitoneal insulin toler-
ance test (ITT). After 4 h fasting, a baseline blood glucose mea-
surement was performed from the tail tip, then mice received
insulin (0.5 mU/g Actrapid insulin) via intraperitoneal injection.
Blood glucose measurements were taken at 15, 30, 60, 90, and
120 min after receiving a bolus. An oral glucose tolerance test
(GTT) was performed after 13 weeks of dietary intervention. After
6 h fasting, mice received a glucose bolus (2 mg/g bodyweight)
via oral gavage, and blood glucose measurements were per-
formed as described for the ITT. Additional tail blood samples
were collected at baseline and 30 min for measurement of serum
insulin using the low-sample volume protocol of a Mercodia
mouse insulin ELISA kit (Mercodia, Uppsala, Sweden) for all sam-
ples with sufficient volume. Serum insulin readings for six fasting
insulin samples were below the standard curve and were given a
value of 0.006, which was below the lowest calculated level of
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Fig. 1. Study design. Both males and females were included in the study
and analyzed separately, n = 11-15 per group.
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0.0072. Fasting (6 h) glucose (mmol/L) and fasting insulin
(mU/ml) from the start of the GTT was used to calculate homeo-
stasis model assessment of insulin resistance (HOMA-IR): (Fasting
glucose x fasting insulin)/(22.5), and homeostasis model assess-
ment of beta-cell function (HOMA-B): (20x fasting insulin)/(Fast-
ing glucose-3.5).

DXA scan

Body composition and BMD were measured by dual-energy
X-ray absorptiometry (DXA; Lunar PIXImus Densitometer; GE
Medical Systems Lunar., IL, USA) at baseline and following
14 weeks of dietary intervention. The PIXImus was unavailable
for baseline and endpoint body composition scans for 10 male
mice. These mice were excluded from the body composition
analysis only. Mice were anesthetized using isoflurane inhalation
throughout the scan. Analysis of each scan was performed with
the Lunar PIXImus version 2.10 software by a single user.

Tissue collection

Mice were euthanized by CO, inhalation after 14 weeks of die-
tary intervention. Cardiac puncture was performed immediately
following death, and serum was stored at —80°C. A portion of
the liver was snap-frozen in liquid nitrogen and stored at
—80°C. Both hind limbs were harvested and stripped of all soft
tissues. The right femur was stored in 4% paraformaldehyde for
48-72 h, then transferred to 70% ethanol and stored at 4°C.
The left femur was wrapped in phosphate-buffered saline-
soaked gauze and stored at —20°C.

Lipid metabolism

Nonesterified fatty acid (NEFA; NEFA C kit; Wako Chemicals,
Osaka, Japan) and triglyceride (Triglyceride Assay Kit; PT, Pointe
Scientific Inc., Canton, MI, USA) concentrations were measured
in serum samples according to the manufacturers’ instructions.
Hepatic triglyceride content was measured by homogenizing
approximately 25 mg of the snap-frozen liver in 400 pL of
Tris—HCl buffer (25 mM Tris—HCl, 0.5% Triton X-100, 1 mM EDTA,
2 mM KCl, 50 mM MgCl, 5 mM NaV, pH 7.8). Triglyceride concen-
trations were then measured using a TRIGL kit according to the
manufacturer’s instructions (Roche, Switzerland). Triglyceride
content was normalized to total protein concentration, mea-
sured using a Bicinchoninic acid (BCA) assay (Pierce, Copenha-
gen, Denmark).

Micro-CT

The distal end of each femur was scanned using a Skyscan 1172
micro-CT (MCT) scanner (Bruker, Belgium), as previously
described.®® The X-ray voltage was 59 kV, the amperage was
167 pA, and a 0.5-mm aluminum filter was used. Images were
acquired with an isotropic voxel size of 7 um, 180° of rotation,
and a rotation step of 0.3°. After standardized reconstruction
using NRecon software (Bruker, version 1.6.9.18), the data sets
were analyzed using CTAn software (Bruker, version 1.18.8.0).
Standardized parameters of trabecular and cortical bone micro-
structure were measured.®? The trabecular region of interest
was 1.06 mm proximal to the growth plate and extended 1.41
and 2.11 mm in the proximal direction in females and males,
respectively. The cortical region of interest was 5.99 mm proxi-
mal to the growth plate and extended 0.70 mm in the proximal
direction in both sexes.

Biomechanical testing

Left femora were loaded to failure in three-point bending using
an electromechanical testing system (Instron Universal Testing
Machine, Model 5866, Instron, MA, USA, running Bluehill Univer-
sal software) with a 100-N load cell.*? Samples were thawed at
4°C overnight in PBS and allowed to equilibrate at room temper-
ature prior to testing. Soft tissue was removed, and femurs were
placed on a custom-made sample holder with 10 mm separation
between the end supports. Femurs were oriented to make con-
tact with the loading roller of the load cell at a consistent point
along the midshaft. Specimens were tested at a compressive dis-
placement rate of 1 mm/min until failure. Load-displacement
data were measured in 0.1-s intervals. Load-displacement data
were used to calculate maximum load and stiffness, as previously
described.“"

Statistical analysis

Mice were excluded from analyses if they developed a wel-
fare issue during the experiment, which led to the exclusion
of three animals in total (two due to malocclusion, and one
had a tail injury). The group numbers were as follows: LFD
female WT, n = 11; LFD female KO, n = 11; HFD female WT,
n = 11; HFD female KO, n = 11; LFD male WT, n = 15; LFD
male KO, n=14: HFD male WT, n=12; HFD male KO,
n = 12. Data were analyzed using GraphPad Prism (version
9.0.2; San Diego, CA, USA) or SigmaPlot for Windows (version
14.0; Sysat Software Inc., San Jose, CA, USA), which con-
ducted two-way ANOVA comparisons. Significant outliers
were identified using a ROUT (Q = 1%) analysis. Data were
compared separately for each sex and were checked for nor-
mality using a Shapiro-Wilk test and log-transformed when
necessary. Data were compared using a two-way ANOVA
with genotype and diet as factors. Post hoc testing was
applied when appropriate for two-way ANOVA. Regression
analysis was performed using linear modeling in R. Linear
modeling was performed to assess the relationship between
genotype and weight, body composition, and blood glucose,
adjusting for sex and diet as indicated using the Im() function
in the R package.”® Area under the curve (AUC) was calcu-
lated as the area above baseline for GTT and the area below
baseline (negative area) for ITT.

Results

Bodyweight and fat mass increase in response to HFD

To assess whether preptin deficiency alters the response of mice
to a HFD, we fed WT and preptin KO mice either HFD or LFD for
14 weeks as indicated in Fig. 1. The bodyweight and body com-
position of WT and KO mice of both sexes were similar before
starting the dietary intervention (Fig. 2A, C; Table S2). All mice
gained weight during the dietary intervention period (between
9.2% and 84.5%; Fig. 2), and two-way ANOVA showed diet signif-
icantly increased weight gain in both male and female mice. Post
hoc testing showed that differences in weight gain between
diets were only significant in KO mice in both males and females
(Fig. 2B, D).

Lean mass was not affected by a HFD in either sex (Table 1).
Absolute and relative fat mass were increased in female mice
fed a HFD compared to those fed a LFD (Table 1). Post hoc tests
indicated the body fat difference in diets was significant for
female KO but not WT mice (Table 1). Similarly, fat mass was
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Fig. 2. Bodyweights increase in response to HFD, particularly in KO mice. Weekly bodyweights from entry into study through 14 weeks of dietary inter-
vention in female and male mice (A, C). Percentage increase in bodyweight between entry into study and 12 weeks of dietary intervention (B, D) were
compared using two-way ANOVA with genotype and diet as factors. Significant difference of diet within genotypes (Sidak’s post hoc test) are indicated
in (B) and (D), *p < 0.05. Group numbers: female LFD-WT, n = 11; female LFD-KO, n = 11; female HFD-WT, n = 11; female HFD-KO, n = 11; male LFD-WT,

n = 15; male LFD-KO, n = 14; male HFD-WT, n = 12; male HFD-KO, n = 12.

increased from 27% to 36% in male mice of either genotype fed a
HFD compared to those fed a LFD; however, there was no effect
of genotype on fat mass in male mice (Table 1). HFD-fed mice
had a lower BMD than LFD-fed mice with no effect of genotype
(Table 1).

Regression analysis of the entire cohort revealed signifi-
cantly lower postdietary intervention body mass in KO com-
pared to WT mice (—1.5 £+ 0.7 g, p = 0.03) when corrected for
sex, diet, and prediet body mass (adjusted R* = 0.78, F(4,82)
=77.11, p < 0.001). Post-diet lean mass was also slightly but
significantly lower in KO mice (—0.6 & 0.27 g, p = 0.03) when
corrected for sex, diet, and prediet lean mass (adjusted R’
= 0.85, F(4,82) = 124.7, p < 0.001). Postdiet fat mass was not
affected by genotype when corrected for sex, diet, and
prediet mass.

Blood glucose is reduced in male KO mice on a LFD but
not HFD, and dietary impact on glucose-stimulated insulin
secretion is blunted in KO female mice

Female HFD-fed mice had slightly lower nonfasted glucose at the
start of the intervention than LFD-fed mice (p = 0.0496; Table 2).
After 12 weeks of dietary intervention there were no significant
differences in nonfasted blood glucose between groups. Despite
the absence of dietary differences in fasted glucose in females,
female mice fed a HFD generally had higher blood glucose con-
centrations than female mice fed a LFD during an ITT, but there
were no genotype differences (p = 0.0278; Fig. 3A). There were
no significant differences in the magnitude of insulin-induced
glucose lowering (AUC) between any of the groups in female
mice, although genotype effect was p = 0.058, possibly
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Fig. 3. Glucoses response to ITT (A, B) and GTT (C-F) are not altered by preptin KO in female mice. For mean glucose concentrations (A, C), data were com-
pared using three-way ANOVA with genotype, diet, and time as factors. ANOVA p values are shown for factors, with only significant interactions shown.
Glucose area under the curve for ITT (B) and for GTT (D); data were compared using two-way ANOVA. Serum insulin concentrations at start (E) and 30-min
(F) time point of GTT were compared using two-way ANOVA. Dotted line indicates overall mean serum insulin. Post hoc testing was Sidak’s multiple com-
parisons assessing diet effect within each genotype. Group numbers: LFD-WT, n = 11; LFD-KO, n = 11; HFD-WT, n = 11; HFD-KO, n = 11. *p < 0.05.

reflecting the slightly stronger overall response to insulin in the GTT after 13 weeks of dietary intervention (Fig. 3C, D). However,
female KO mice on LFD (Fig. 3B). Female mice displayed no sig- HFD significantly increased 30-min serum insulin levels during
nificant differences in the blood glucose response to an oral the GTT, and post hoc testing revealed this was only in the WT
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Fig. 4. Glucose responses to ITT (A, B) and GTT (C-F) are not altered by preptin KO in male mice. For mean glucose concentrations (A, C), data were com-
pared using three-way ANOVA with genotype, diet, and time as factors. ANOVA p values are shown for factors, with only significant interactions shown.
Glucose area under the curve for ITT (B) and for GTT (D); data were compared using two-way ANOVA. Serum insulin concentrations at start (E) and 30-min
(F) time point of GTT were compared using two-way ANOVA. Dotted line indicates overall mean serum insulin. Group numbers: LFD-WT, n = 15; LFD-KO,

n = 14; HFD-WT, n = 12; HFD-KO, n = 12.

mice (p = 0.032; Fig. 3E, F). Neither genotype nor diet impacted
HOMA-IR or HOMA-f as calculated from fasting insulin and glu-

cose levels at the start of the GTT (Figure S1).

Male KO mice had lower nonfasted blood glucose concentra-
tions than WT mice at the start of the study (p = 0.01; Table 2).
Later in the dietary intervention, male KO mice on LFD had
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Female
LFD

HFD

Male
LFD

HFD

Fig. 5. MCT reconstructions indicate bone loss in response to HFD. MCT reconstructions of trabecular and cortical bone in distal femur in representative

female (A-D) and male (E-H) mice after 14 weeks of a LFD or HFD.

reduced fasting and nonfasting blood glucose compared to
WT. HFD-fed male mice had higher fasted glucose at the end of
the study period (Table 2). HFD-fed males had higher blood glu-
cose concentrations over the course of the ITT than LFD-fed male
mice (Fig. 4A), but, as with the females, there were no differences
in the glucose response to insulin (Fig. 4B). Diet also had an over-
all impact on the response to a GTT (Fig. 4C), but there were no
differences in AUC (Fig. 4D), suggesting no difference in the devi-
ation of blood glucose in response to a bolus between groups.
This was accompanied by no differences in serum insulin levels,
HOMA-IR, or HOMA- (Fig. 4E, F, Fig. S1).

Nonesterified fatty acids and triglyceride concentrations

Serum NEFA and triglyceride concentrations were similar
between genotypes and dietary groups in both sexes of mice
after 14 weeks of dietary intervention (Table 2). Serum triglycer-
ides were decreased in male HFD-fed WT mice compared to
LFD-fed WT mice (p = 0.03; Table 2), whereas an opposite, albeit
nonsignificant, effect was seen in the KO mice, leading to an
interaction effect (p = 0.04). The HFD led to increased liver tri-
glycerides in both sexes, but the effect failed to reach statistical
significance for males (p = 0.052; Table 2). In females, this was
driven by an increase in KO mice (p < 0.0001), with no significant
increase in WT, while in males, the largest difference was seen in
the WT group, although this did not reach statistical significance.

Preptin KO affects bone microarchitecture only on LFD in
males

In female mice, HFD led to reduced trabecular bone, including a
49% decrease in bone volume fraction, decreased trabecular
number and thickness, compared to LFD-fed female mice, with
no effect of genotype (Table 3; Fig. 5). Cross-sectional cortical tis-
sue area and bone area and cortical thickness were lower in HFD-
fed than LFD-fed female mice, with no effect of genotype
(Table 3; Fig. 5). Neither a HFD nor preptin KO affected tissue
mineral density in females (Table 3).

In male mice, femur lengths were shorter in male HFD-fed WT
mice than in LFD-fed WT mice (p = 0.003; Table 4). The HFD also
negatively affected trabecular bone in males, as illustrated by the
35% reduction in bone volume fraction compared to LFD-fed
mice (Table 4; Fig. 5). In LFD-fed males, bone volume fraction
was 17% lower in KO than in WT mice driven by reduced trabec-
ular number. There was no effect of genotype in HFD-fed male
mice (Table 4; Fig. 5). Similar to the phenotype displayed in
female mice, cross-sectional cortical tissue area and bone area
were lower in HFD-fed than LFD-fed male mice (Table 4; Fig. 5).
Male HFD-fed mice also demonstrated 8.6% lower cortical thick-
ness than LFD-fed mice (Table 4; Fig. 5). LFD-fed KO mice had
4.6% thinner cortical bone than LFD-fed WT mice (p = 0.04). In
male mice only, tissue mineral density demonstrated a genotype
x diet interaction effect (p = 0.02), where LFD-fed KO mice
tended to have elevated total mineral density compared to
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Table 5. Biomechanical Testing of Femurs Indicates Impaired Strength with HFD

HFD Two-way ANOVA

LFD
KO

Genotype x diet

Diet

Genotype

Difference

KO

Difference

n=11
13.5 + 0.7
0.38 + 0.2
295 + 20

n=11
180+ 1.5
043 + 0.02

Female

0.13
0.29
0.31

0.02
0.25

0.58
1.00
0.94

0.1 £ 09

0.02 £ 0.03

135+ 05
0.40 £+ 0.03

—244+19
—0.02 £ 0.03

15.6 +£ 0.7
0.41 £ 0.01

Fracture load (N)?

Displacement to fracture load (mm)
Stiffness (N/mm)P°

Male

0.003

13+£33

307 £+ 28

—28 £47

392 £ 21

420 £ 37

n=10
13.8+ 09
0.34 + 0.02

n=11
13.1 £ 04

0.34 £ 0.01
411 £ 30

n=14
15.0 + 0.8
0.35 £+ 0.01

n=14
173+ 0.5
0.37 + 0.01

0.21
0.74
0.10

0.009
0.15

0.13

07+£10
0.00 £ 0.02

-23+1.0°
—0.02 £ 0.02
—114 £ 63

Fracture load (N)°

0.24
0.38

Displacement to fracture load (mm)

Stiffness (N/mm)P

0.009

51 £59

461 £ 53

508 + 45

621 £ 44

“Genotype effect within the same diet.

PDietary effect within WT mice.

“Dietary effect within KO mice (p < 0.05, Sidak’s post hoc test). Data are means & SEM.

LFD-fed WT mice (p = 0.10), and HFD-fed KO mice tended to
have decreased TMD compared to HFD-fed WT mice (Table 4).
To summarize, HFD consistently led to a deterioration of both
trabecular and cortical parameters. Preptin KO did not affect
bone microarchitecture in females, but in males, preptin KO mice
had reduced trabecular and cortical bone on the LFD only.

Bone strength is reduced by HFD in WT mice

Fracture load was 21% lower in HFD-fed female mice than in
LFD-fed female mice (p = 0.02; Table 5), with this effect stronger
in WT than KO mice (p = 0.005 and p = 0.57, respectively). Sim-
ilarly, in male mice, fracture load was 11% lower in the HFD
group than in LFD-fed males (p = 0.009; Table 5), with this effect
stronger in WT than KO mice (p = 0.006 and p = 0.33, respec-
tively). Fracture load was also decreased in LFD-fed KO males
compared to LFD-fed WT males (p = 0.04). Displacement to frac-
ture load was not affected by diet or genotype in either sex
(Table 5). Mice of both sexes demonstrated decreased stiffness
in HFD-fed mice compared to LFD-fed mice (27% lower in
females, 22% lower in males, Table 5). This effect was stronger
in WT than in KO mice.

Discussion

Preptin has been proposed as a potential therapeutic target to
improve metabolic dysfunction in individuals with T2DM; how-
ever, whether preptin impacted metabolic dysfunction and bone
loss associated with a HFD was unknown. Therefore, we mea-
sured the effects of both HFD and LFD over a 14-week period
in the novel preptin KO mouse, focusing on metabolism and
skeletal phenotype. The sexually dimorphic effect of HFD on
body composition and glucose homeostasis in mice is a well-
known phenomenon that is becoming increasingly
understood.**=*¢ |n addition, we have already noted sexually
dimorphic phenotypes in preptin KO mice.®” We therefore
examined our male and female mice separately.

We found that this HFD intervention increased bodyweight
and fat mass and increased liver triglycerides and lowered BMD
in mice of both sexes relative to the LFD. There was only a mod-
est effect on fasted blood glucose in males. The short duration
and moderate fat content of our HFD intervention might explain
the modest dietary impact on glucose homeostasis; however,
there was a significant effect on fat mass gain, liver triglycerides
(particularly in females), and BMD in both males and females,
indicating that metabolic dysfunction was occurring. In addition,
30-min insulin levels were elevated in HFD-fed female mice, sug-
gesting an attempt to adapt to metabolic dysfunction that was
absent in the KO females. This fits with our previous data show-
ing that preptin ablation in female mice led to diminished
GSIS.B¥

In this study, nonfasted blood glucose concentrations were
lower in male KO mice than in WT mice at the start and end of
the dietary intervention period in the LFD study arm despite
the absence of major differences in weight and fat mass. This
suggests that preptin deficiency may improve overall physiolog-
ical glucose regulation in a nonstressed state in males specifi-
cally. However, we previously demonstrated no differences in
weekly nonfasted blood glucose measures between genotypes
in male mice fed a standard laboratory chow diet,** so this will
need further exploration.

In general, we found preptin KO mice to be slightly lighter
under LFD but not HFD conditions, and the difference between
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diets was significant only in KO mice in both sexes. Our previous
study on these mice showed that under standard feed and hous-
ing conditions, both male and female KO mice tended to be ligh-
ter once their growth rate slowed down in adulthood and up to
48 weeks of age, although this did not reach statistical signifi-
cance in either sex.®¥ Notably we found no difference in organ
weights in our previous study that would explain this change,
so preptin deficiency may have a subtle impact on weight gain
in adult mice, but the mechanism is unclear. We also detected
no impact of KO on Igf2 gene expression levels that might
explain size difference.

In addition to a sexually dimorphic impact on p-cell function,
female preptin KO mice also had significantly higher fat mass dif-
ferences between diets and had higher liver triglyceride levels in
HFD relative to LFD. Excess liver triglyceride levels in HFD females
lacking preptin suggest preptin may be beneficial for limiting fat
storage in the liver under HFD conditions. Interestingly, our data
suggest a differential impact of preptin deficiency on liver tri-
glyceride storage between males and females, so elevated pre-
ptin in diabetic states could be more beneficial to females than
males regarding triglyceride accumulation in the liver, which is
a hallmark of nonalcoholic fatty liver disease.*”” The gene
expression of Igf2 (exon 2-3) in liver of preptin KO mice was pre-
viously assessed and found not to be different between KO and
WT mice. However, an impact of differential processing of
mature IGF-Il protein cannot be excluded, and further analysis
of this phenomenon might uncover sexually dimorphic
responses of liver to dietary fat.

Multiple observational human studies have linked elevated
circulating preptin to metabolic dysfunction, including reports
of elevated concentrations in obesity,"*'” T2DM,"'? gestational
diabetes mellitus," and polycystic ovarian syndrome.'*'819)
Direct comparisons between observational human studies are
complicated, as each study uses a different ELISA or radioimmu-
noassay protocol. Nevertheless, given the number of studies
reporting similar results, if preptin had a causal role in metabolic
dysfunction, we would expect to see some effect of the ablation
of preptin on metabolic function under metabolic stress condi-
tions. As preptin is secreted alongside insulin from p-cells,
increases in circulating preptin concentrations seen in observa-
tional studies might have resulted from increased insulin secre-
tion, as opposed to its expression being explicitly increased
and having a causative role in the development of metabolic
dysfunction. Our data support the idea that preptin is an insulin
secretagogue, particularly in female mice. The presence of lower
blood glucose levels in KO males on a LFD may indicate that this
putative insulin secretagogue has other effects on glucose man-
agement that could drive elevated blood glucose, although per-
haps only evident under LFD conditions where we would not
expect to see dysfunction in insulin secretory capacity. Our data
indicate this may be male-specific. Our model is a global ablation
model, specifically because it has not been excluded that preptin
is expressed in tissues other than the islet p-cells, where it may
impact insulin action rather than just secretion. Little evidence
of this has been presented to date, other than in a report of a rare
case of monogenic diabetes resulting from an IGF2 gene disrup-
tion, which resulted in not only short adult stature, as expected,
but also extreme hepatic insulin resistance.“®

As expected, our moderate HFD had impacts on bone struc-
ture. We found that mice fed a HFD had decreased trabecular
bone and cortical thickness compared to mice fed a LFD. While
we did not further explore the cellular mechanisms underlying
the bone loss in the current study, this occurrence has been

well documented in both female and male rodents“?~® and
occurs via increased bone resorption®® and decreased bone
formation.* The HFD in our study consisted of 46% calories
from fat, which is lower than the 60% fat diets used in many
studies.®**® Notably, bone microarchitecture and strength in
these mice deteriorated markedly, even in the absence of
severe obesity or overt metabolic dysfunction, consistent with
other studies showing rapid bone loss with a HFD.®* Unlike
the metabolic phenotypes, the magnitude of effects on bone
microarchitecture was similar between male and female mice.
Given that previous in vivo and ex vivo experiments demon-
strated that exogenous preptin increased bone formation via
effects on osteoblasts,®'* we hypothesized that the total
ablation of preptin expression would lead to lower levels of
bone in our KO mouse when fed a HFD. Preptin deficiency
did not affect bone microarchitecture or strength in mice of
either sex fed a HFD. However, in male mice fed a LFD, the tra-
becular bone volume fraction, cortical thickness, and load
required to fracture the femur were lower in KO mice than in
WT mice. The mechanisms that led to the appearance of this
phenotype in LFD-fed mice only remain unclear, although
notably, the LFD-fed KO mice also tended to have lower body-
weight than WT controls. Therefore, further exploration of the
mechanisms that led to the bone phenotype in LFD-fed mice
will be of interest. The LFD had slightly lower fat (14%) than
our standard laboratory chow (18%), and since weight gain
continued following the dietary transition, there were no clear
negative effects of the LFD. Observational studies suggest a
positive relationship between serum preptin concentrations
and BMD.®7*® preptin levels were also decreased after meno-
pause®”) and in ovariectomized rats.* In contrast, we have
been unable to detect preptin in adult mouse serum.®* Never-
theless, it would be of interest to investigate whether preptin is
affected by feeding mice a HFD and whether preptin concen-
trations are related to any of the bone parameters measured
in our study.

Itis possible we did not observe an overt effect of preptin defi-
ciency on glucose or skeletal homeostasis under HFD conditions
as preptin is only one physiological variable in a network of feed-
back loops that regulate these systems.®-%? Thus, most effects
of preptin KO that we observed occurred in mice fed a LFD. Pre-
ptin may play a larger role in metabolic and skeletal health under
healthy conditions, while in the context of metabolic dysfunc-
tion, other physiological variables could exert a stronger
influence.

In conclusion, we showed that feeding mice a HFD for
14 weeks negatively affected liver triglycerides and bone micro-
architecture in mice, and preptin removal worsened the
response to metabolic stress in females but did not affect the
male response to a HFD. Further studies are required to deter-
mine whether preptin deficiency leads to an altered skeletal phe-
notype in mice fed a standard diet with advancing age.
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